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(54) PARALLEL LINK MECHANISM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate an 
uncontrollable specific point by fixing the axial direction 
of an output point in case of three degrees of freedom, 
and to expand an operation range by connecting rotary 
shafts of a rotary support shaft to a movable support 
shaft so as to become parallel and connecting the 
movable support shaft to a movable base so that the 
respective shafts can only freely rotate. 
SOLUTION: A rotary support shaft 5 is held axially 
parallel to a driving shaft 1a through a rotary arm 4 in a 
rotational pair state to a driving system numerically 
controlling to a turning angle introduced by a computer 
by a driving motor 1 , a driving motor 2 and a driving 
motor 3 having respectively unparallel axial angles. Next, 

one ends of a parallel link 6 and a parallel link 7 are connected in a rotational pair at a right 
angle to the rotary support shaft 5 through a link pin 5a, and the other ends of the parallel link 
6 and the parallel link 7 are similarly connected in a rotational pair at a right angle to a 
movable support shaft 8 through a link pin 8a to the movable support shaft 8. The movable 
support shaft 8 is connected axially parallel to respective driving shafts 1a in a rotational pair 
to a movable base 9. 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this trauislation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The parallel link mechanism which connected the revolution support shaft 5 and the migration 
support shaft 8 turning around the periphery side top which is not parallel to each other respectively so 
that each revolving shaft might grow into parallel by the 2-dimensional parallel link, and connected [ the 
revolution ] each shaft to the migration base 9 for the migration support shaft 8 free. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the parallel link mechanism for realizing actuation on 
three-dimensions coordinates, such as an industrial robot, NC maneuvers machine, and a three- 
dimensions measuring machine, by the high speed, high degree of accuracy, and low cost. 
[0002] 

[Description of the Prior Art] Nonstop or many joints, and a three-dimensions measuring machine 
needed to operate the three-dimensions shaft or the joint uniquely with the rectangular mold, the actuator 
and the advice device overlapped a part for a right hand side, and inertia weight became large and, as for 
current and an industrial robot, had spent the great portion of need power on this. Moreover, in order to 
raise a precision of operation, the rigid high advice device was required and the device was high cost at 
the power list. 

[0003] Although the parallel link mechanism had been partly taken in by NC maneuvers machine with 
improvement in the speed of the latest computer, there was a fault that operating range was narrow. 
[0004] Moreover, in the parallel link mechanism, since it had joined with the spherical-surface bearing 
and the universal joint in order to secure a degree of freedom to the joint of each link, in the case of 
three degree of freedom, the problem was in the shaft orientations of a control point, and control of the 
singular point. 

[0005] Since a control point was driven by the complicated device combining a straight-line advice 
device etc. in order to perform the shaft orientations of the outputting point in the case of three degrees 
of freedom, and control of the singular point, the description of a parallel link was not employed 
efficiently. 
[0006] 

[Problem(s) to be Solved by the Invention] The trouble which it is going to solve is lessening losing the 
singular point which fixes the shaft orientations of an outputting point by the easy device, and becomes 
out of control about the shaft orientations of the outputting point in the case of three degrees of freedom, 
and the mutual intervention of the device section, and expandmg operating range. 
[0007] 

[Means for Solving the Problem] This invention the revolution support shaft 5 and the migration support 
shaft 8 turning around the periphery side top which is not parallel to each other respectively by the 2- 
dimensional parallel link When it connects so that each revolving shaft may grow into parallel, and only 
a revolution connects the migration support shaft 8 to the migration base 9 free, each shaft It is 
regulated, and since each migration support shaft 8 is having whenever [ axial-angle ] regulated by the 
one migration base 9, the migration base 9 has whenever [ different 3 axial-angle ] regulated, and has a 
location fixed in the triaxial direction so that the migration support shaft 8 may surely become each 
driving shaft la and parallel. The parallel link mechanism using the fault movable singularity which is 
one of the singular points by this being lost. 
[0008] 
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[Example] Drawing 1 is the whole parallel link mechanism perspective view of the example of this 
invention equipment. To the drive system which performs numerical control to angle of rotation drawn 
by coordinate count by computer with the drive motor Al, drive-motor B-2, and the drive motor C3 of 
whenever [ axial-angle / which is not parallel respectively ] Make the revolution support shaft 5 hold in 
a revolute pair through a revolving arm 4 to driving shaft la and axial parallel, respectively. Moreover, 
the end of the revolution support shaft 5, the parallel link A6, and the parallel link B7 is connected to the 
revolution support shaft 5 and a right angle in a revolute pair through link pin 5a. Similarly, through link 
pin 8a, connection and the migration support shaft 8 are connected to the migration base 9 in a revolute 
pair, and the other end of the parallel link A6 and the parallel link B7 is connected to the migration 
support shaft 8 in a revolute pair at each driving shaft la and axial parallel at the migration support shaft 
8 and a right angle. 

[0009] Drawing 4 expresses superficially the link mechanism which combines in three dimensions with 
parallel link mechanism flat-surface simplified schematic. This explains the relation of an outline of 
operation. Distance about D2 and a drive motor C3 is set [ the distance of driving shaft la of each drive 
motor Al, and link pin 8a ] to D3 for the distance about Dl and drive-motor B-2. When each Dl, D2, 
and D3 are the same as for a change ratio, the coordinate of the migration haso 9 cannot perform 
location change on a flat surface, however when it is made to change by the ratio [three / each / Dl, D2 
D3, etc. ], it becomes a flat surface and vertical movement magnitude. Again The coordinate of the 
migration base 9 serves as the amount of impaction efficiency on a flat surface by changing the ratio of 
Dl, D2, and D3. In the example, since each driving shaft la of Dl, D2, and D3 is not vertical to a flat 
surface, Dl, D2, and D3 become each driving shaft la and the parallel wheel base of the migration 
support shaft 8 in drawing 3 . 

[0010] The locus which the axial intersection of the revolution support shaft 5 and link pin 5a draws 
firom the above thing can be calculated as an operating range 14 on the three-dimensions coordinate of 
XYZ, when following the locus of the periphery actuation line AlO in XZ actuation range drawing of 
the drawing 6 parallel link mechanism, the periphery actuation line B 1 1 , and the periphery actuation line 
CI 3. The actuation zero 13 where the die length of the point dividing [ periphery 25 ] and a parallel link 
carries out the plot plot of the count coordinate point of having been obtained at the time of carrying out 
revolution arrangement 120 degrees at 45 degrees and a flat surface in 75mm, as for the inclination of 
227.5mm and the revolution support shaft 5 at 3-dimensional CAD as for the locus radius which the 
axial intersection of the revolution support shaft 5 and link pin 5a draws as count criteria of operating 
range 14 expresses the location of the bottom dead point of each revolution locus. In the distance fi'om 
330mm and the actuation zero 13 of drawing 6 to the best point of operating range 14, the distance of a 
plotting point is [ the distance of the opposite side of the hexagon-head gestalt of drawing 5 ] the travel 
of angle-of-rotation l/25rev 163mm again. 

[001 1] They are micro stepping motor 1600 pulse / rev about a drive motor at the above conditions. 
When it is what constituted control and a link from a personal computer and constituted aluminum pipe 
phi4xphi3 and each revolute pair from a ball bearing and torque about 7 kg-cm was proved, the distance 
of lOOmm was able to be operated and the repeat halt location precision of less than **0.1mm and 
**2mm of three-dimensions position errors including backlash were able to be acquired for cycle-time 
0.5 seconds. Moreover, smooth actuation was obtained in 50g weight as a load at the operating point 
within the limits of about 80% of the installation actuation range. 

[0012] the device created in the demonstration test - rather - brittle — low - although precision, the 
simple load was also able to be home and the weight of the part which moreover receives the inertia 
except the inertia weight of a motor whose stopping accxiracy was also beyond anticipation was also able 
to manufacture components mark easily very few lightly with only 20g. 

[0013] It was able to be made to operate, without interfering with a parallel link, even if a revolving arm 
rotates one time, when the include angle which a revolving arm 4 and a parallel link make in the bottom 
dead point of a revolving arm 4 in a demonstration test machine is in an aperture angle fi'om parallel, 
thereby, from the operating range of the conventional parallel link, it was markedly alike and a large 
operating range was obtained. 
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[0014] Although considered as the arrangement which takes a large operating range in the demonstration 
test machine, high-degree-of-accuracy handling of the minute range is also possible by carrying out to 
reverse arrangement which becomes small about the driving shaft la section and operating range in the 
migration support shaft 8 and migration support shaft 8 section at the driving shaft la section. 
[0015] It is simply available also to a three coordinate measuring machine by computing a coordinate by 
transposing the drive motor Al, drive-motor B-2, and the drive motor C3 of an actuator to an include- 
angle detection sensor. 

[0016] the parallel link mechanism by this invention the include angle of each driving shaft la, 
arrangement, and the radius of gyration of a revolving arm 4 and the parallel link B ~ specification 
modification is simply possible even if it makes it the equipment fabrication of various operating range, 
since operating range is determined by combining 7 and 8 suitably. 

[0017] Since it is realizable if the revolution support shaft 5 and the migration support shaft 8 turning 
around the periphery side top which is not parallel to each other respectively are parallel two- 
dimensional, this invention can also constitute a parallel link by the configuration of a gearing, a pulley, 
a belt, etc, that what is necessary is just to connect so that each shaft may grow into parallel. 
[0018] 

[Effect of the Invention] As explained above, the parallel link mechanism of this invention is the easy 
structure for the three-dimensions position control of three degrees of freedom, and since it can realize 
high rigidity, a light weight, and low cost, utilization of it is possible for industrial robots, a machining 
machine, a three coordinate measuring machine, etc., and it becomes reducible [ a fast manufacturing 
cost ]. Moreover, since a right hand side is only the bearing of a drive motor and a link rolling 
mechanism, it can also perform acquiring mechanical high degree of accuracy easily, and its 
dependability also improves. 



[Translation done.] 
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